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AbstractBysuppressionubtractivehyhridization+rapidamplificationofeDNAendsandgenewalkingmethods，interferonstim-
ulatedgenes(ISGs)。ViperinandISGl5．andtheirpromotershavebeenclonedandcharacterizedf omsnakeheadC巍n””口argus，The
ViperineDNAwasfoundtobe1474ntandcontainnopenreadingframe(ORF)of1059ntthattranslatesintoaputativepeptideof352
aminoacid(aa)．TkputativepeptideofViperinshowshighidentityto hatinteleostsandn32JilmalsexceptforheN～terminal70aa。The
|SGl5eDNAwasfoundtobe758ntandcontainnORFof468ntthattranslatesintoaputativepeptideof155aa．Theputativepeptide
ofISGl5iscomposedoftwotandemrepeatsofubiquitin-like(tmL)domains，andacanonicaIconjugationmotif(LRGG)atC-terminal。
ViperinandISGl5promoterregionswerecharacterizedbythepresenceofinterferollstimulatingresponseel ments(ISRE)and7*IFNac—
tivationsites(GAS)．ISREisafeatureofIFN—inducedgenepromoterandpartiallyoverlapsinterferonregulatoryfactor(IRF)1and
l歉糍recognitionsites．GASisresponsibleforthey-IFNmediatedtranscription．OneconservedsitforNF一《Bwasfoundinthepromoter
regionofViperin．Thisist efirstreportofconservativebindingmotifforNF-国inaccordancewiththeconsensussequence(GGGRN—
NYYcc)amongteleostISGpromoters．Moreover。therewerealsoTATA，CAATandSpltranscriptionfact rsitesinViperinand
ISGl5promoters．In5’untranslatedregion(UTR)，snakeheadISGl5genecontainsasingleintron，whichdiffersf omViperingene．
ThetranscriptsofVipeirnandISGl5mRNAweremainlyexpressedinh adkidney，posteriorkidney，spleenandgill．Theexpressionjev·
elsinliverwerefoundtoincreaseobviously淑responsetoinductionbyIFN—inducerpolyl：C，
Keywords：interferon，interferonstimulatedgene(ISG)，Viperin，ISGl5，snakehead(Channaargus)．
零heinterferons(1FN8)areafamilyofcytokines
thatsharetheabilitytoproduceanantiviralst tein
cellsbyinducingexpressionof nterferonstimulated
genes(ISGs)H“。。Theearliestan iviralresponseof
thehostisnonspecific．Thus．IFN．mediatedantiviral
defensei abletorespondduringthearlystagesofa
viralinfection，andthisresponseprovidessomed —
greeofprotectionuntilthespecificmmunedefenseis
abletoestablish．Atpresent，IFN．1ikeactivityhas
beendetectedincellsandorgansofrainbowtrout
《Oncorhynchusmyki s)，carp(CyprinusCarpio)，
seabass(Lateolabrax；口如nicus)andseveral
salmonidsafterviralinfectionortreatmentwithdou—
ble-strandedRNA(dsRNA)u一川．1FNmolecules
havebeenclonedandcharacterizedfromzebrafish
(Daniorerio)，Atlantics lmon(Salmosalar)and
channelcatfish(1ctaluruspunctatus)since
2003L6一引．Significantprogresshasbeenmadeiniso—
latingvirallyinducedg nes【9’l引．SeveralISGs，such
as溉j，僦andMx3[11—13|，悟j[14|and
Ⅵ舀[15]，haveals0beenidentifiedinfish．
Viperinwasidentifiedrecentlyasagroupofan—
tiviralproteinswhichanbeinducedbyvirusandin—
terferon[14，16，17|．TheViperinhomologueshavebeen
foundincrucianc rp(Carassiusauratus)，rainbow
troutandmandarinfish(Si咒主地纠娃蔬托8君si)【10，14·18|。
ThexpressionofrainbowtroutVig-1couldbein—
ducedby viralhaemorrhagicsepticemiavirus
(VHSV)‘K’。ThestableexpressionofViperininfi—
broblastcouldreduce90％ofhumancytomegalovirus
(HCMV)production，andsuppressthexpressionof
someviralproteinsL埔1．Similartoteleostandhuman
Viperinhomologues，mousemvigco ldb inducedby
vesicularstomatitisvirus(VSV)andpseudorabies
virus(PRV)H7J。
ISGl5isamongthemosthighlyexpressedpro一
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teinsinmammaliancellsafterviralinfectionand
treatmentwithIFN一8[19—21|．Thestrongandrapid
inductionofISGl5duringinfectionindicatesnim—
portantroleforthisproteinininnateimmunity。
ISGl5iscomposedoftwotandemr peatsofubiqui—
tin-like(UBL)domains，andcaneonjugatetocellular
proteinsthroughitsconservedmotif(LRGG)．Ex—
traeellularISGl5displaysc tokine—likefunctionsby
inducingIFN，7inT—cellsandstimulatingnatural
killereellproliferation¨“。SeveralISGl5orthologues
havebeenreportedingoldfish(Carassiusaur tu$)，
pufferfish(Takifugurubripes)，zebrafishandchan—
nelcatfis小9,23,24]。The{sGpromotershavealsobeen
characterizedfromrainbowtroutⅥ霞 and
Mxl[15,25]，pufferfishMx[13】，mandarinfish
ViperinLl引。goldfishandAtlanticcod(Gadus
morh髓a)ISGl5k23,圳。
Thesnakehead(Channaargus)isa species
with拄relativelyh gheconomicvalueinChina，but
thediseasescausedsevereeconomiclosseso弱』．Little
isknownabouttheimmunedefensemechanismin
snakehead．Thepresentstudywasperformedtoiden—
tifysnakeheadViperinandISGl5genes，andtocom—
parethecharacteristicsoftheseg nesandtheirp o—
moterswithotherknownISGs．Theser sultswill
providenewinsightsintoISGsregulationandtheir
antiviralmechanisms．
1 Materialsandmethods
1．1 Fish
Snakeheadw ighingabout250gwerepurchased
fromalocalfishmarketinWuhan，HubeiProv nceof
China．andm intainedinaquarium(25℃)withaer—
atedwaterforoneweekbeforesampling．Thetissu s
werecarefullyremovedanimmediatelys oredinliq—
uidnitrogen。
1．2 ObtainingofhomologouscDNAfragments
TotalRNAwasextractedfromheadkidneyof
snakeheadwithTrizol(Invitrogen)followingthe
manufacturer’sinstruction．PolyA‘RNAwaspre，
paredusingPolyATractmRNAIsolationSystem
(Promega)。Theisolat dmRNAfromheadkidneyin
snakeheadstimulatedwithpolyI：Cwasusedasthe
tester，andtheunstimulatedcontr01asthedriver．A
subtractiveDNAlibrarywasconstructedwiththe
PCR—selectDNAsubtractionk t(Clontech)。
Throughrandomscreeningandsequencingolonies
fromthesubtractivel brary，severalcDNAfrag—
ments，whichwereompiledtoabout1251bpand
570bpinlength，werefoundtobehomologousto
thoseknownViperinandISGl5 genes．
1。3 CloningofViperinandISGl5eDNAsequences
byrapidamplificationofcDNAends(RACE)一PCR
5’RAcE，startedwithhefull—lengtheDNA
synthesisu ngthe粉SMART"埘飚躔c◇NAAm—
plificationKit(Clontech)．A1lprimersusedarelisted
inTable1，ThefirstroundPCRwasperfo·rmedusing
the5 UpMandViperin—R1orISGl5．Rlprimers．
Thecyclingprotocolutilizedatouchdownmethod，
witha otstarta 94℃for2min．followedby10cy—
desof94℃30sec，65℃30see，and72℃for1
min，withtheannealingtemperatureloweringdown
1℃foreachcycle；and25cyclesof94℃30sec，
55℃30sec。and72℃for1 min，followedby72℃
for6min．ThesecondroundPCRwascarriedout
withthe5’nestedprimerandViperin-R2orISGl5，
R2，and1“LofthefirstroundPCRmixture，witha
cyclingprotocolof94℃for2min，followedby30
cyclesof9霹℃30see，57℃30sec，72℃1min，and
anextensionof72℃for6 min．3‘RA旺，started
withreversetranscriptionofP01yA。RNAwith
Adapter-dT，，primer，andthePCRconditionswere
thesameasfor5’一RACEusingthe3 adapterprimer
andViperin—ForISGl5一F．
。 ． !!!巍!：呈茎堡曼黧鹜茎垒!竺篓黧i整!箜!签熬邕i塑墅坚曼鲢一一一．。——
Primer Sequence(5’，3’) Application
Vipenn。R1CCAGAGTCTTCGCAGTGTCCAVipefin5’RACE(firstroundPeR)
Viperin-R2GCAGAGTGTCGAGACAGAGCTViperin5’RACE(secondroundPCR)
Viperin—F GCAGAACTCAGGGCAGGAAGViperin3’RACE
ISGl5．R1 CTGCK；CGTTTACAAAGACCAGISGl55’RACE(firstroundPeR)
ISGl5．R2 AGTTTGCCCACTGTATCATCTGISGl55’RACE(secondroundPCR)
!墅!!：兰坚銎塑盛鳖i型垡怂型坚垒!墅 !墅!i兰萋燮兰堡垒璺2型竺鍪辇i∑一一．。
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(Continued)
Primer Sequence(5'-3’) Application
Viperin—P1CGATGCAGAGTGTCGAGACAGAGCTGVipeirnge omicwalking(firstroundPCR)
Viperin—P2
ISGl5一P1
ISGl5一P2
Vi}perin-TF
Viperin—TR
ISGl5一TR
13-actin—F
J3-aetin-R
5UPM
GCTTCGGAGACGAGTGCTCATTGGA
TTCAGTTTGCC(’ACTGTATCATCTGG
6[嚣硝丁G6月C丁G丁G(Z菇，，翻G(猫，
ACTCTGGGCAACGGAAGGAT
GGAACGAG(℃AGGAAACGCT
CGTTCATCATCTCCCGACCA
CACTGTGCCCATCTACGAG
CCATCTCCTGCTCGAAGTC
吼K嗵嫩姐c憾I峨氏瞄瓯吣瓯雠G钒k
7黝一∞翻翻G彤删翻∞4c庀4c谢翻GG∞
Viperinge omicwalkingsecondroundPCR)
ISGl5genomicwalking(firstroundPCR)
ISGl5genomicwalking(secondroundPCR)
RT—PCRprimerusedinexpressionstudy
RT—PCRprimerusedinexpressiontudy
RT—PCRprimerusedinexpressiontudy
RT-PCRcontrolusedinexpression
RT—PCRcontrolusedinexpression
5’RACEPCR
5’NestedprimerAACGCAGAGTACGCGGG 5’RACEPCR
3’Adapter GGCCACGCGTCGACTAGTAC3RACEPCRadaptor
OligodTadapterGGCCACGCGTCGACTAGTACTl7Genomicwalkingadaptor口rimerl
APl GTAATACGACTCACTATAGGGCFirstrandeDNAsynthesis
AP2 ACTATAGGC汜ACGCGTGGT Genomicwalkingadaptorprimer2
1．4 CloningofViperinandISGl5promoters
GenomicDNAwaspurifiedfromthemuscleby
thephenolchloroformmethod¨“．The5’flanking
reg,onwasobtainedusinga enomewalkingapproach
byconstructinggenomicI brarieswitha Universal
GenomeWalker⋯1Kit(Clontech)．Eachofthe2．5
tzggenomicDNAwascompletelydigestedwith
DraI，EcoRV，PvuIIorStuIinatotalvolumeof
100ttL，andfourpoolsofadaptor—ligatedDNAfrag—
mentswereconstructed．Apairofprimers，Vipein．
P1／Viperin．P2or ISGl5．P1／ISGl5一P2designed
fromthesequencesatthe5’endofViperinorISGl5
cDNA．andtheadaptorprimers陋1and嚼2were
usedforprimingupstreamamplificationthroughtwo
roundsofPCR．Thecyclingprotocolincludedatwo．
stepmethodforlong—distancePCR．Theprimary
PCRwasperforrnedwithahotstarta 94℃for2
min；6cyclesof94℃for30sec。72℃for3minwith
thetemperaturelowingdown1℃foreachcycle；and
30cyclesof94℃30sec，67℃3min，followedbv
67℃for10min．ThesecondaryPCRwascarriedout
with1“LofthefirstroundPCRmixturenderthe
conditionsof20cyclesof94℃for30secand67℃for
3min，followedby67℃for10min．
1．5 T—cloning，sequencingandatabaseanalysis
ThePCRproductsseparatedon1．2％agarose
gelswerecutout，purified(Omega)，ligatedintothe
T—vector(Takara)，andusedtotr sformc mpetent
DH一5acells．Positivecoloniesw rescreenedbythe
methodofPCR．Allsequencesgeneratedwereusedto
searchforsimilaritiesus ngBLASTatwebserversof
theNationalCenterofBiotechnologyInf rmation．
Theaminoacidsequencesweretranslatedthrough
serversofExPASy．Signal
[shedthroughSignalP3．
peptidepr dictionwasfi 一
0software．Multiplese—
quencealignmentsa dunrootedphylogenetictrees
wereconstructedsingtheClustalW1．8programand
MEGAversion3．1．Thes quencesflankingVipeirn
andISGl55’regionswereanalyzedbyTRANSFAC
softwareforpotentialtranscriptionalfactorbinding
sites．
1．6 ExpressionanalysisbyRT—PCR
Threesnakeheadfishweighingabout250gwere
culturedinaquariumwithaeratedwaterforone
week．TotalRNAwasextractedfromtheheadkid．
ney，posteriorkidney，spleen，intestine，liver，gill，
heart，brain，skinandmuscle，thentreatedwith
DNaseI。andreversetranscribedtocDNA．ThecD．
NAtemplatesfromthreefishweremixedtogether．
and2肛LofwIlichwereusedforPCRreaction．8．
actinwasusedasaninternalcontr01．PCRconditions
wereasfollows：94℃for2rain；then28cyclesof
94℃30sec，57℃30see，72℃1min(forViper[n)
or30sec(forISGl5andB—actin)，followedbyanex．
tensionat72℃for6min．Inaddition．weperformed
acomparatives udyon6snakeheadfish．Threewer
njectedintraperitoneallywith0．4mLpolyI：C(Sig～
ma，5mg／mL)，andtheotherthreeinjectedwith
phosphatebuffersaline(pH6．8asthecontr01)．Be，
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causepolyI：Cwasfoundtobeabletoenhanceth
ISGsexpressioninothero gansexceptforlymphoid
tissue[1s,24]，weselectedtheliverasthetesttissueto
examinetheffectsofViperinandISGl5ontheISGs
expression．
2 Results
2．1 IsolationofViperinandISGl5cDNA
ByscreeningofsubtraetivecDNAlibrary．wei—
dentifiedmanyexpressedequencetags(EST)which
arehomologoustotheknownmammaliangenescriti—
calforinnateimmunefunction，ineludingantiviral
genesViperinandISGl5，andthegenesncodingfor
signaltransducerandactivatoroftranscription
(STAT)，IFNregulatoryfactors(IRFs)，Rham—
nose—bindinglectin(UBL)，majorhistocompatibility
class(MHC)andotherimmunemolecules．Withthe
obtained5’RACEand3 RACEcDNAfragments
andtheanalysisofoverlappingsequences，thecompi一
1ationofafull—lengthcDNAfromtheCAPsitetothe
polyAtailwasachieved，whichproduceda1474bp
ViperincDNAanda758bDISGl5cDNAfragments
(GenBankaccessionNos． AY898793and
EF067846)．ViperincDNAcontainsa openreading
frame(ORF)of1059bpthatranslatesa putative
peptideof352aa，witha179nt5 UTRanda236
nt3’UTR．Thereis a polyadenylationsignal
(AATAAA)presented14ntups reamofthepolvA
stretch，andtwoATTTAsequencesin3 UTR．
whicharecharacteristicmotifspossiblyinvolvedin
rapidmessagedegradation．ISGl5 cDNAcontainsan
ORFof468bpthatranslatesaputativepeptideof
155aa．The5’UTRis63ntinlength，and3
7
UTR
ofthetranscriptisof227ntcontainingthreemRNA
instabilitymotifsandapolyadenylationsignalatp si—
tionof23ntupstreamthepolyAtail．
2．2 AnalysisofViperinandISGl5 proteinse．．
quences
TheaminoacidsequenceofsnakeheadViperin
sharedapproximately71％identitytoViperinof
goldfish，72％tozebrafish，75％torainb wtrout，
69％tomouseandhuman(Fig．1)．Adivergentre．
gionof70aminoacidswasfoundatN二terminal．Se—
quenceanalysisoftheputativepeptidepresenteda
shorthydrophobicN—terminalregionwhichonsti—
tutesa ignalpeptide．ThreeputativeN—glycosylation
sites(atpositions112，148and197)suggestthat
snakeheadViperinisag[ycoprotein．SimilartoVig-1
inrainbowtrout，snakeheadViperinalsohasaniron—
sulfurmotifCNXXCXXCatthepositionof70—182．
TheaminoacidsequenceofsnakeheadISGl5hasthe
homologyof50％，47％，25％，23％withrainbow
trout，goldfish，mouseandhumanISGl5respectively
(Fig．2)．SnakeheadISGl5 intheC～terminalretains
Leu-Arg—Gly—Gly(LRGG)aminoacidsthathave
beenshowntobecriticalforthefirst epinthecon—
jugationofubiquitinto ntracellularproteins．Some
aminoacidshavebeensubstitutedinconservedmotif．
Europeansebass(Dicentrarchuslabrax)，killifish
(Misgurnusang illicaudatus)andorientalweather—
fish(Lucaniaparv )havesubstitutedheC—termi—
nalGlywithAsporGlu¨⋯．Inaddition．snakehead
ISGl5retainsAr9128whichorrespondst Lys】29of
thehumanISGl5．Theresidueiscriticalforthe
polymerizationofub quitinmo omersaftercovalent
ligationtoi tracellularproteins．
Thoughtheresultoftwophylogenetictrees
(Fig．3)revealstheconsiderablesequ ncedivergence
amongteleostsandmammals，teleostViperinand
ISGl5areclusteredtogetherandtheyoriginatedfrom
thesameancestor．Snakeheadandmandarinfish
Viperinarefirstclusteredtogether，andsn kehead
ViperinandISGl5arecloselyrelatedothoseofrain—
bowtrout，butfarawayfromthoseofcrucianc rp
andzebrafish．
2．3 PromoterregionfsnakeheadViperinand
ISGl5
ThesequencesofViperinandISGl5genepro—
motersweredepositedntoGenBank(accessionNos．
EF384270andEF384271，respectively)．Thetran—
scriptioninl‘tl‘atl‘onsitesweredeterminedbythefull一
1engthcappedcDNAsofViperinandISGl5．About3
kbofthesnakeheadViperinpromoterandits5’
flankingre ionweresequenced’throughgenome
walking(Fig．4，partialsequence)．ATATAboxis
locatedfrom一52to一55whichmaybeboundbv
TATAbindingpeptide(TBP)．ACAATboxislo—
catedfrom一186to一189whichisbelievedtodeter—
minethefficiencyoftranscription．Twooftheputa—
tiveinterferonstimulatedresponseel ment(ISRE)
sitesarelocatedb tween一131and4 。一150and
一161．Three7一IFNactivationsiteswerefoundbe—
tween一170and一178，～322and一330，一1158
and一1166．OnebindingsitefortheNF—KBtran—
scriptionfactorwasfoundbetween一300and一309，
andoneNF—xBlikesitewasbetween一326and
一336．
 万方数据
ProgressinNaturalScienceV01．17No．12 007WWW．tandf．CO．uk／journats 1429
CrucJanc rpViperi‘n
ZbrafishViperln
Rainbowtrout￥ig一1
SnakeheadViperl‘n
MouseViperin
HumanViperin
Cruclanc rdViperln
ZbrafishViperln
RainbowtroutVig一1
SnakeheadViperln
MouseViperin
HumanViperin
Cruclanc rpViperln
ZbrafishViperln
RainbowtroutVig一1
SnakeheadViperln
MouseViperin
HumanViperin
Crucianc rpVipenn
ZbrafishViperln
RainbowtroutVig-1
SnakeheadViperln
MouseViperin
HumanViperin
CruciancarpViperln
ZbrafishVipenn
RainbowtroutVig-1
SnakeheadViperln
MouseViperin
HumanViperin
Crucianc rpVipenn
ZbrafishViperln
RainbowtroutVig-1
SnakeheadViperln
MouseViperin
HumanViperin
Crucianc rpViperin
ZbrafishViperin
RainbowtroutVig—l
SnakeheadViperin
MouseViperin
HumanViperin
Fig，1．MultiplesequencealignmentsofsnakeheadVipeirnwithotherspeciesViperin。Theidenticalandsimilarresiduesareshownith
asterisk≤*)anddot(+)respectively，adivergentr gionatN—terminalsshown。andthreeN．glycosylationsitesarei dicatedbyallOWS．
GenBankccessionNos．：HumanAF442151，MouseN 一021384，SnakeheadAY898793，RainbowtroutAF076620．ZebrafishNM～
001025556，Crucianca pAY303809．
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Fig．2。MultiplesequencealignmentsofsnakeheadISGl5withotherspeciesISGl5．Theidenticalandsimilarresiduesareshownith
asterisk≤*)anddot(．)respectively}theC—terminalLRGGaminoacidsareinthebox．GenBankaccessionNos．：HumanBC009507，
MouseNM一015783，SnakeheadEF067846，GoldfishAF206323，RainbowtroutAF510711．
0．05
(b)
0．05
sIIISGl5
Fig．3．PhylogeneticrelationshipsofVi erinandISGl5proteinsequences．Thebootstrapconfidencevalu sshownatthenodesofthe
treearebasedon1000bootstrapreplications．(a)Viperinphylogenetict ee．AccessionNo ．：ChimparmeeXM一515283，CowNM一
001045941，RedjunglefoWlXM一426208，OrangutanCR858150，NorwayratNM一138881，PigNM～213817，DogXM一846183，Chi—
nesep rchAY395718．强)ISGl5phylogenetictree。AccessionNo ．：WaterbuffaloDQll8136，SheepNM一001009735，Chimpanzee
XM一520842．NorwayratXM～216605，CowNM一174366，DogXM一536714，ZebrafishXM一682249，CruciancarpAY303810and
AY303811．
InthewholesnakeheadISGl5promoterandits
5
7
flankingre ionwhichoversabout1．7kb，the
putativebindingsitesforTATA，CAAT，NF．JcBlike
andISREwereidentified(Fig。5)．TheTATAand
CA攀boxesarelocatedbetween一45and一48．
一284and一287respectively；oneoftheputative
ISREsiteiSbetween一97and一108；threeY。IFN
activationsitesarebetween一357and一365，一506
and一514．一1563and一1571，andtwoN辩趣like
sitesarebetween一587and一596，一1142and
一1151．Inthe5’UTR。snakeheadISGl5genecon，
tainsa singleintron，whichdiffersfromViperin
gene．
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Fig．4．ThesequenceofsnakeheadViperinpromoterandits5’flangkingregion．GAAAelementa ditscomplememareingrey，the
TATAandCAATareboxed，theputativebindingsitesofISREandNF-出aredoubleunderlined，GASsitesareinbold，andtheputative
bindingsitesforC-jun，Spl，Oct．1andC／EBPalphaareunderlined．
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Fig．5．ThesequenceofsnakeheadISGl5promoterandits5’flangkingregion．GAAAelementsanditscomplementari grey．The
TATAandCAATareboxed．theputativebindingsitesofISREandNF-出aredoubleunderlined，GASsitesareinbold，andtheputative
bindingsitesforSpl，Pit一1andC／EBPalphaareunderlined．Intronisindicatedi bwerc∞ewithconsistentgt／amode．
 万方数据
ProgressinNaturalScienceV01．17No．12 007WWW．tandf．co．uk／journals 1433
2．4 ExpressionofViperinandISGl5 genesin
snakeheadfish
Thetissueexpressionpatternsi dicatedthat
snakeheadViperinandISGl5weretranscribedmain—
lyintheheadkidney，posteriorkidney，spleen，gill，
Fig．6．ExpressionprofileofVipeirnandISGl5invariousti sues
(b)．(a)HK，headkidney；PK，posteriorkidney；Sp，spleen；In，
muscle．(b)theexpressionleveliscalculatedrelativetothe8一actin．
3 Discussion
Comparedwithmammals[19，28|， onlyafewIFN
systemgenesofteleostshavebeenisolatedanchar—
acterized[10,231．Inthistudy，thesuppressionsub—
tractivehybridizationtechniquewassedforscreen—
ingthedifferentiallyexpressedgenesinsnakehead
fishtreatedwithpolyI：C．Sequencingrevealedthat
ViperinandISGl5werethemostabundantESTsin
thelibrary．SnakeheadViperind splayedveryhigh
sequencesimilarityw ht oseknownmammalianand
teleostViperinexceptfor70aaattheN—terminal，
whichishighlydiverseinallViperinhomologues．
TheshorthydrophobicstretchattheN—terminalof
Viperindoesotallowtheproteintoentertherough
endoplasmicret ulum(ER)一Golgipathway[141．This
suggeststhatViperinseemstoresideatthecytosolic
faceoftheER，andcouldberequiredfortheantiviral
effectthroughinterferencewithtransportofcritical
viralcomponents，transmembraneglycoproteins，
fromtheERtotheGolgi。161．ExistenceoftheN．gly．
cosylationsitesi dicatesthatnakeheadViperinisa
cellularglycoprotein．Theresidues70一182arehigh—
lyhomologousamongViperin，MoaA，NIRJand
PoolIIproteinfamilies，especiallytheiron—sulfurmo—
tifCNXXCXXC[29I，inwhicht ecysteineswere
showntobeimportantothebiologicalfunctionof
thecoordinationofaFe—Scluster．Theconservation
ofC—terminalindicatesthatthisregionisafunctional
lessinliver，andlittleinothertissues(Fig．6(a))．
Afterintraperitonealnjectionw thpolyI：C，theex—
pressionsofsnakeheadViperinandISGl5inliver
werefoundincreasedpproximately7一and4．5一fold
respectivelywhencomparedwiththecontrolfish
(Fig．6(b))．
(a)，andpolyI：Cinducedexpressioninliver(after24hours。n=3)
Intestine；Li。liver；Gi，Gill；He，heart；Br，brain；Sk，skin；Mu，
*indicatesstatisticals gnificancebetweeninducedancontrolledfish．
domaininthenon—specificant viralresponse[29]
SnakeheadISGl5containsubiquitinlike(UBL)
domains．Thecons rvedC-terminal“LRGG”isas—
sentialnubiquitinylationforISGl5andtargetpro—
teins。圳．SomeUBLproteinsare xpresseda inac—
tiveprecursorswithafewaminoacidsf01lowingthe
conservedmotif．TheseUBLproteinsareactivatedby
proteasesreleasingtheiractiveconjugatingtail。圳．
Somet leostspecies。likechannelcatfishandbastard
halibut(Paralichthyso vaceus)mayneedprotease
activitytoexposeth iractiveconjugationgm tifs。2⋯．
ThereportedpromotersofISGsinteleostsinclude
thoseforⅥ露andM卅inrainbowtrout[15,25]，Mx
inpufferfishu“．ISGl5ingoldfishandAtlantic
cod[23，24]，andViperinge einmandarinfish[iS]．
SnakeheadViperinandISGl5promoterscontainIS—
REswiththeconsensussequence(GAAANl一，
GAAAS，S=C／G，N=A／T／G／C)．However，only
o baseisdifferentinISREbetweenViperinand
ISGl5promoters．ISREisanimportantcharacteristic
ofIFN—inducedgenepromoter．alsopartiallyverlaps
theIRFl／2recognitionsites(AAAASYGAAASY，Y
=T／C)(IRF-E)．ThepresencofISREsitesinthe
ViperinandISGl5promoterregionsimpliesthathe
expressionofViperinandISGl5canbeinducedby
virusandIFNsignalthroughtheactivationofacas—
cadeofreactions．LikerainbowtroutV／92andMxl
genes[15,25]，snakeheadISGl5containsoneISRE，its
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Viperinge econtainstwoISREs，whereasAtlantic
codISGl5containsthreeISREs[24]．Thesesugge t
thatnumberofISREisdifferentamongtheISGsand
eveni thesameISGifvariesfromonespeciestothe
other．
SnakeheadViperinandISGl5 promotersa1So
containthreeconservative7一IFNactivations tes
(GAS)witha consistents quencemotif(TTNC—
NNNAA)¨“，whichisresponsibleforthe7．IFN．
mediatedtranscriptionofthetargetgenes．Ⅳ【oreover，
wefoundthatthelementGAANNanditscomple—
mentarerepeatedinsnakeheadviperinandISGl5
prOmo毒ers，suggestinghatheseelementsprovide
potentialinducibilitybyIFNsignal．Insnakehead
Viperinpromoterregion，a NF_KBsite(GGGRN—
NYYCC，R=A／G)andaNFLKBlikesitewereiden—
tified．ThepresenceofbindingmotifforNF．赶jis
veryinterestingas twasindicatedthatheNF．出
transcriDtionfact risinvolvedinthestimulationof
thetypeI IFNpromoter¨引．LikeotherIFN．induced
genepromoterS，suchasIRFlandIRF2[33'34|，the
conservationofNF—KBsiteinsnakeheadViperinpro—
motersuggeststhatheactivationofNF—IcBalsoin—
volvesininductionofteleostISGs．SnakeheadISGl5
promoterlacksconsensusNF—JcBsites，whichisina—
greementwi hthereportedISGs[23，24]，butithas
twoNF—KBlikesites．whosefunctionisu knownat
present．In5’UTR，differentromViperinge ein
whichnointronwasfound，ISGl5genecontainsan
intron，suggestingthathesetwoISGshavedifferent
transcriptionpa terns．Thoughthep ssibilityofNF—
KBsitespresentedinsnakeheadISGl5promotercan
notbeexcluded，fromthecompariSonsofISRE，NF—
KBsite，5’UTRstructure，andproteinsequencesbe—
tweenViperinandISGl5， weassumethatthesetwo
geneshavedifferentgulatorymechanismsandif—
ferentfunctionsnIFNsvstem．
SnakeheadViDerinandISGl5weretranscribed
mainlyinimmuneorgans，andalowexpressionlevel
wasalsodetectedinothertissues．Ourfindingsindi—
catedthatpolyI：Ccaninducetheexpressionof
ViperinandISGl5genesin nakeheadliver，andthat
tissuedistributionandnducedexpressionofViperin
andISGl5genesarethesamewithotherreported
teleostISGs[18，24|． ItispossiblethatIFNdirectlv
stimulatesViperinandISGl5genesxpressionbe—
causepolyI：CwasconsideredasanIFN—inducer．
Inconclusion，wehavereportedhemolecular
loningandcharacte“zationofV perinandISGl5
genesandtheirp omotersfromsnakehead．Thesere—
sultsnotonlyprovidethsignificantevidenceforIS．
Gsstructureandfunction，butalsohelpustounder—
standtheteleostIFNsystemandISGsregulatory
mechanism．Thechallengeoffuture、vorkistocon—
ductmorefunctionalstudiesoftheseg nesandeter—
minetheirregulatorymechanismsbywhichanti—viral
defenceisestablished．
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1.外文期刊 Zhang. XN.Liu. JX.Hu. YW.Chen. H.Yuan. ZH Hyper-activated IRF-1 and STAT1 contribute to
enhanced interferon stimulated gene (ISG) expression by interferon at and gamma co-treatment in
human hepatoma cells 
    Previous reports suggest that type I and type 11 Interferon can co-operatively inhibit some virus replication, e.g. HCV, SARS-
CoV, HSV-1. To find out the molecular mechanism underlying this phenomenon, we analyzed the transcription profile stimulated by IFN-
alpha and IFN-gamma in Huh-7 cells and found that the transcription of a subset of IFN stimulated genes (ISGs) including BclG, XAF1,
TRAIL and TAPI was enhanced when IFN-alpha and gamma were both present. Promoter analysis of BclG revealed that IRF-1 and STAT1 were
both required in this process. Enhanced IRF-1/DNA complex formation was observed in interferon co-treatment group by gel shift
analysis. Furthermore, IRF-1 activation was found to be generally required in this cluster of ISGs. STAT1 tyrosine phosphorylation
was elevated by IFN combination treatment, however, only the hyper-transactivation of GAS but not ISRE was observed. In conclusion,
hyper-activation of IRF-1 and elevated STATI dimer formation may be two general switches which contribute to a much more robust
antiviral symphony against virus replication when type I and type II IFNs are co-administered. (c) 2006 Elsevier B.V. All rights
reserved.
2.OA论文 Nielsch. U.Pine. R.Zimmer. S G.Babiss. L E Induced expression of the endogenous beta
interferon gene in adenovirus type 5-transformed rat fibroblasts. 
    Tumorigenesis is a multistep process involving both genetic and epigenetic changes resulting in altered cellular gene expression.
While many phenotypic attributes of transformed cells have been described, the cellular genes responsible for these phenotypes are
largely unknown. In this study, we show that the interferon-stimulated gene (ISG) ISG15 is expressed in all adenovirus type 5 (Ad5)-
transformed rodent cells tested, in an E1A-dependent manner. We find that the level of ISG15 mRNA correlates with the level of the
transcription factor ISGF3, which has been postulated to be the transcriptional activator of ISGs. Consistent with the activation of
the interferon transduction pathway in Ad5-transformed cells, beta interferon mRNA is expressed in all but the parental untransformed
cell line. The level of ISG15 mRNA in Ad5-transformed cells correlated inversely with the ability of these cells to proliferate in
soft agar. This appears to have functional significance, since the phenotype of poor growth in agar could be conferred upon a cell
line that grows efficiently in soft agar by using conditioned media from cells that grow poorly in soft agar. The same effect could
be mimicked by applying rat interferon. We conclude that the degree of activation of the interferon signal transduction pathway
explains differences in the transformation phenotypes among Ad5-transformed cell lines.
3.外文期刊 Jia Weizhang.Zhou Xiuxia.Huang Rong.Guo Qionglin Cloning and characterization of
interferon stimulated genes Viperin and ISG15, and their promoters from snakehead Channa argus 
    By suppression subtractive hybridization, rapid amplification of cDNA ends and gene walking methods, interferon stimulated genes
(ISGs), Viperin and ISG15, and their promoters have been cloned and characterized from snakehead Channa argus. The ViperincDNA was
found to be 1474 nt and contain an open reading frame (ORF) of 1059 nt that translates into a putative peptide of 352 amino acid (aa)
. The putative peptide of Viperin shows high identity to that in teleosts and mammals except for the N-terminal 70 aa. The ISG15 cDNA
was found to be 758 nt and contain an ORF of 468 nt that translates into a putative peptide of 155 aa. The putative peptide of ISG15
is composed of two tandem repeats of ubiquitin-like (UBL) domains, and a canonical conjugation motif (LRGG) at C-terminal. Viperin
and ISG15 promoter regions were characterized by the presence of interferon stimulating response elements (ISRE) and y-IFN activation
sites (GAS). ISRE is a feature of IFN-induced gene promoter and partially overlaps interferon regulatory factor (IRF) 1 and IRF2
recognition sites. GAS is responsible for the y-IFN mediated transcription. One conserved site for NF-icB was found in the promoter
region of Viperin. This is the first report of conservative binding motif for NF-icB in accordance with the consensus sequence
(GGGRN-NYYCC) among teleost ISG promoters. Moreover, there were also TATA, CAAT and Spl transcription factor sites in Viperin and
ISG15 promoters. In 5' untranslated region (UTR), snakehead ISG15 gene contains a single intron, which differs from Viperin gene. The
transcripts of Vipeirn and ISG15 mRNA were mainly expressed in head kidney, posterior kidney, spleen and gill. The expression levels
in liver were found to increase obviously in response to induction by IFN-inducer poly I:C.
4.OA论文 Rose. Kristine M..Elliott. Ruth.Martínez-Sobrido. Luis.García-Sastre. Adolfo.Weiss. Susan
R. Murine Coronavirus Delays Expression of a Subset of Interferon-Stimulated Genes  
    The importance of the type I interferon (IFN-I) system in limiting coronavirus replication and dissemination has been
unequivocally demonstrated by rapid lethality following infection of mice lacking the alpha/beta IFN (IFN-α/β) receptor with mouse
hepatitis virus (MHV), a murine coronavirus. Interestingly, MHV has a cell-type-dependent ability to resist the antiviral effects of
IFN-α/β. In primary bone-marrow-derived macrophages and mouse embryonic fibroblasts, MHV replication was significantly reduced by
the IFN-α/β-induced antiviral state, whereas IFN treatment of cell lines (L2 and 293T) has only minor effects on replication (K. M.
Rose and S. R. Weiss, Viruses 1:689-712, 2009). Replication of other RNA viruses, including Theiler's murine encephalitis virus
(TMEV), vesicular stomatitis virus (VSV), Sindbis virus, Newcastle disease virus (NDV), and Sendai virus (SeV), was significantly
inhibited in L2 cells treated with IFN-α/β, and MHV had the ability to rescue only SeV replication. We present evidence that MHV
infection can delay interferon-stimulated gene (ISG) induction mediated by both SeV and IFN-β but only when MHV infection precedes
SeV or IFN-β exposure. Curiously, we observed no block in the well-defined IFN-β signaling pathway that leads to STAT1-STAT2
phosphorylation and translocation to the nucleus in cultures infected with MHV. This observation suggests that MHV must inhibit an
alternative IFN-induced pathway that is essential for early induction of ISGs. The ability of MHV to delay SeV-mediated ISG
production may partially involve limiting the ability of IFN regulatory factor 3 (IRF-3) to function as a transcription factor.
Transcription from an IRF-3-responsive promoter was partially inhibited by MHV; however, IRF-3 was transported to the nucleus and
bound DNA in MHV-infected cells superinfected with SeV.
5.外文期刊 Oshansky CM.Krunkosky TM.Barber J.Jones LP.Tripp RA Respiratory syncytial virus proteins
modulate suppressors of cytokine signaling 1 and 3 and the type I interferon response to infection
by a toll-like receptor pathway. 
    Respiratory syncytial virus (RSV) is a common cause of repeat infections throughout life and potentially severe lower respiratory
tract illness in infants, young children, and the elderly. RSV proteins have been shown to contribute to immune evasion by several
means, including modification of cytokine and chemokine responses whose expression is negatively regulated by suppressor of cytokine
signaling (SOCS) proteins. In this study, we examine the role of SOCS1 and SOCS3 regulation of the type I interferon (IFN) response
in normal fully-differentiated human bronchial epithelial cells infected with RSV or with an RSV mutant virus lacking the G gene. The
results show that RSV G protein modulates SOCS expression to inhibit type I IFN and interferon-stimulated gene (ISG)-15 expression
very early as well as late in infection, and that SOCS induction is linked to toll-like receptor (TLR) signaling by RSV F protein, as
indicated by interferon-regulatory factor (IRF)-3 activation and nuclear translocation. These findings indicate that RSV surface
proteins signal through the TLR pathway, suggesting that this may be an important mechanism to reduce type I IFN expression to aid
virus replication.
6.OA论文 Boo. Kyung-Hyun.Yang. Joo-Sung Intrinsic Cellular Defenses against Virus Infection by
Antiviral Type I Interferon 
    Intrinsic cellular defenses are non-specific antiviral activities by recognizing pathogen-associated molecular patterns (PAMPs).
Toll-like receptors (TLRs), one of the pathogen recognize receptor (PRR), sense various microbial ligands. Especially, TLR2, TLR3,
TLR4, TLR7, TLR8 and TLR9 recognize viral ligands such as glycoprotein, single- or double-stranded RNA and CpG nucleotides. The
binding of viral ligands to TLRs transmits its signal to Toll/interleukin-1 receptor (TIR) to activate transcription factors via
signal transduction pathway. Through activation of transcription factors, such as interferon regulatory factor-3, 5, and 7 (IRF-3, 5,
7) or nuclear factor-κB (NF-κB), type I interferons are induced, and antiviral proteins such as myxovirus-resistance protein (Mx)
GTPase, RNA-dependent Protein Kinase (PKR), ribonuclease L (RNase L), Oligo-adenylate Synthetase (OAS) and Interferon Stimulated Gene
(ISG) are further expressed. These antiviral proteins play an important role of antiviral resistancy against several viral pathogens
in infected cells and further activate innate immune responses.
7.外文期刊 Takuma Tsukahara.Sun Kim.Milton W.Taylor REFINEMENT:A search framework for the
identification of interferon-responsive elements in DNA sequences - a case study with ISRE and GAS 
    Interferons (IFN) are a family of pleiotropic secreted proteins that play a key role in mediating antiviral and apoptotic
responses,and in immune modulation.Interferons induce a large number of genes through activating the janus tyrosine kinase (JAK)-
signal transducers and activators of transcription proteins (STAT) pathway,and the binding of transcription factors to upstream
regions of the inducible genes (interferon-stimulated gene,ISG) at specific DNA regulatory elements known as interferon-stimulated
response element (ISRE) and gamma-activated sequence (GAS).We have previously performed DNA micro-arrays on peripheral blood
mononuclear cells (PBMC) treated with interferon-alpha in culture and showed that approximately 700 genes are significantly modulated
(P &lt;= 0.001).In order to search for ISRE and GAS we have developed a framework called regulatory element finding with iteration
and effective model refinement (REFINEMENT) using an existing program (HMMER) and a standard discriminating scoring
technique.Although REFINEMENT uses existing programs,our framework itself is novel as it effectively discriminates occurrences using
an iterative model refinement technique.REFINEMENT has detected either ISRE or GAS sequence in all of the genes shown to be induced
at a P-value &lt; 0.001.There were far more functional occurrences in ISRE than in GAS,suggesting that ISRE plays a greater role in
response to interferon-a than GAS sequences.This method can be used to identify such sequences in any set of genes.REFINEMENT is non-
commercial and is accessible at http://cancer.informatics.indiana.edu/ttsukaha/miltonlab/refinement/.
8.外文期刊 Sun.Y.Qiao.L.Xia.HH.Lin.MC.Zou.B.Yuan.Y.Zhu.S.Gu.Q.Cheung.TK.Kung.HF.Yuen.MF.Chan.AO.Wong
.BC Regulation of XAF1 expression in human colon cancer cell by interferon beta: Activation by the
transcription regulator STAT1. 
    XIAP-associated factor 1 (XAF1) is a novel tumor suppressor and interferon stimulated gene (ISG). Interferon beta (IFNbeta)
exerts anti-proliferative effect and induces apoptosis through the Jak-Stat signaling cascade by the type I Interferon receptor (IFN-
R), which initiates gene transcription of those biological effectors of IFNbeta. The aim of this study is to determine the effect of
IFNbeta on XAF1 expression and the putative mechanisms mediated by the critical role of signal transducers and activators of
transcription 1 (Stat1). Gene expression was detected by RT-PCR and Western blot analysis. The promoter activity of XAF1 was examined
by luciferase reporter assay. The activity of interferon stimulated response element (ISRE) was assessed by electrophoretic mobility
shift assay (EMSA) and quantitative chromatin immunoprecipitation assay (Q-ChIP). Results showed that IFNbeta stimulated XAF1
promoter activity in colon cancer cell line DLD1 in a time- and dose-dependent manner. A high affinity ISRE binding element (ISRE-
XAF1) was located in -55 to -66nt upstream of the first ATG site of XAF1 gene. Deletion of ISRE-XAF1 completely abrogated basal and
IFNbeta-induced promoter activity. IFNbeta-induced XAF1 expression was mediated by Stat1 through the interaction with ISRE-XAF1.
Knocking down of the Stat1 expression and blocking its phosphorylation decreased IFNbeta-induced XAF1 expression. Results suggested
that induction of an immediate early response gene-XAF1 by IFNbeta was mediated by the transcription regulator Stat1 through the ISRE
site within the promoter region of XAF1 gene in colon cancer.
9.OA论文 Stewart. Michael J..Smoak. Kathleen.Blum. Mary Ann.Sherry. Barbara Basal and Reovirus-
Induced Beta Interferon (IFN-β) and IFN-β-Stimulated Gene Expression Are Cell Type Specific in the
Cardiac Protective Response 
    Viral myocarditis is an important human disease, with a wide variety of viruses implicated. Cardiac myocytes are not replenished
yet are critical for host survival and thus may have a unique response to infection. Previously, we determined that the extent of
reovirus induction of beta interferon (IFN-β) and IFN-β-mediated protection in primary cardiac myocyte cultures was inversely
correlated with the extent of reovirus-induced cardiac damage in a mouse model. Surprisingly, and in contrast, the IFN-β response
did not determine reovirus replication in skeletal muscle cells. Here we compared the IFN-β response in cardiac myocytes to that in
primary cardiac fibroblast cultures, a readily replenished cardiac cell type. We compared basal and reovirus-induced expression of
IFN-β, IRF-7 (an interferon-stimulated gene [ISG] that further induces IFN-β), and another ISG (561) in the two cell types by using
real-time reverse transcription-PCR. Basal IFN-β, IRF-7, and 561 expression was higher in cardiac myocytes than in cardiac
fibroblasts. Reovirus T3D induced greater expression of IFN-β in cardiac myocytes than in cardiac fibroblasts but equivalent
expression of IRF-7 and 561 in the two cell types (though fold induction for IRF-7 and 561 was higher in fibroblasts than in myocytes
because of the differences in basal expression). Interestingly, while reovirus replicated to equivalent titers in cardiac myocytes
and cardiac fibroblasts, removal of IFN-β resulted in 10-fold-greater reovirus replication in the fibroblasts than in the myocytes.
Together the data suggest that the IFN-β response controls reovirus replication equivalently in the two cell types. In the absence
of reovirus-induced IFN-β, however, reovirus replicates to higher titers in cardiac fibroblasts than in cardiac myocytes, suggesting
that the higher basal IFN-β and ISG expression in myocytes may play an important protective role.
10.期刊论文 龚邦东.谢青.王琳.项晓刚.董志霞.林兰意.赵钢德.王晖.郭清 干扰素联合利巴韦林治疗对Huh7细胞
微RNA122表达的影响 -中华传染病杂志2010,28(3)
    目的 探讨IFNβ联合利巴韦林(RBV)治疗对肝癌细胞株Huh7的微RNA122表达的影响.方法  Huh7细胞分别经过单用不同剂量RBV处理3 d、单用不同剂
量IFNβ处理4 h,以及IFNβ联合RBV处理后,采用噻唑蓝(MTT)法检测其生长曲线,RT-PCR法检测IFN诱导基因54(ISG54)的表达,然后分别以小核核糖核酸
6(U6)和单位细胞数为内参照,茎环结构实时PCR检测微RNA122表达变化.数据比较采用单因素方差分析,两两比较采用q检验.结果  MTT结果显示,RBV能以
剂量依赖方式抑制Huh7细胞增殖,而IFNβ仅能轻微地且不能以剂量依赖方式抑制Huh7细胞增殖.RT-PCR结果显示,IFNβ能以剂量依赖方式诱导Huh7细胞
ISG54 mRNA表达,而RBV单用和联合IFNβ均不能以剂量依赖方式诱导ISG54 mRNA表达.以U6为内参照,在RBV终浓度为3.125 mg/L时,联合lFN8 100 U/mL和
1000 U/mL,微RNA122相对表达量分别为0.770±0.082和0.720±0.045,与单用IFNβ组相比,差异有统计学意义(q=4.623,q=5.112;均P<0.05).提示存在协
同效果,而在RBV终浓度为6.25 mg/L和12.5 mg/L时无协同效果.以细胞数为内参照,RBV单用和联合IFNβ均能下调细胞微RNA122表达,以RBV终浓度为3.125
mg/L明显,联合IFNβ 10 U/mL、100 U/mL和1000 U/mL时,微RNA122相对表达量分别为0.680±0.055、0.560±0.084和0.610±0.030,与单用IFNβ组相比
,差异有统计学意义(F=4.121,P<0.05),亦提示存在协同效果.结论 RBV在终浓度为3.125 mg/L时,能协同IFNβ下调Huh7细胞微RNA122表达,这可能为临床
上RBV提高IFN抗HCV疗效的一个新的分子机制.
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